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EFFECT OF FERMENTATION CONDITIONS ON CONTENT
OF PHENOLIC COMPOUNDS IN RED WINE
Vladimir S. Puškaš, Vladimir M. Kovač, Jelena M. Dodić and Siniša N. Dodić 
The evidence of compounds that increase the nutritive value of red wines has been 
presented in a number of papers. These compounds include catechins and proanthocyani-
dins among others. Their protective effect on the cardiovascular system and anticarcino-
genic properties has been proved. The effect of maceration conditions and increased solid 
grape parts content, seed in the ﬁrst place, on the content of phenolic compounds of wine 
was investigated. Several micro-trials were performed with Cabernet sauvignon sort; in 
some variants time and temperature of maceration were varied, while the ratio of residu-
al stem and content of seed was increased several times, resulting in a signiﬁcant change 
of phenolic compounds content in the obtained wine samples. The presence of ripe stem 
yielded good results, but only during six days of maceration, while in the case of longer 
maceration, the change of colour quality was negative. Supplementary quantities of seeds 
during maceration resulted in an increase of total phenols and catechins. A signiﬁcant in-
ﬂuence on colour of wines was also observed, especially in wines obtained applying short-
er maceration.
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INTRODUCTION
The presence of some matter in wine that decrease the toxic action of alcohol has 
been known for a long time (1). Phenols are a large group of compounds of particular 
importance for the quality of red wines. They occur at much lower concentrations in white 
wines, compared to the red ones, due to the way of obtaining. Numerous investigations 
have proved that the content and composition of this big group of compounds inﬂuence 
signiﬁcantly the sensory quality and nutritive value of wine. 62
Two distinct phenol groups occur in grapes and wine: ﬂavonoids and nonﬂavonoids 
(phenolic acids). Flavonoids are characterized by two benzene rings joined with a pyran, 
an oxygen-containing carbon ring. The most common ﬂavonoids in wine are ﬂavonols, 
ﬂavan-3-ols and in red-wine anthocyanins. Small amounts of free leukoanthocyanidins 
(ﬂavan-3,4-diols) also occur. Flavonoids may exist in wines as free, or linked to other: 
ﬂavonoids, sugars, nonﬂavonoids, or a combination of these. Those esteriﬁed to sugars or 
nonﬂavovoids are called, respectively glycosides, and acyl derivatives (2).
Proanthocyanidins are the result of oligoisomerization of ﬂavan-3-ols (2,3). The phar-
macological characteristics (activity) of proanthocyanidins can be expressed in several 
ways: more economical use of C-vitamin in the organism, protection of protein structure 
of blood vessels, decrease of blood cholesterol, radical scavenging activity, antiviral ac-
tivity (3,4). The investigations of chemical composition of the grape showed that cate-
chins and proanthocyanidins are mostly found in the solid parts, ﬁrst of all in seeds; this 
explains the low content of these compounds in white wines, since their production in-
cludes fermentation of must, without the solid parts of the grape (5). Anthocyanins exist 
in grape as glucosides. Grape anthocyanins are divided into ﬁve classes: cyanins, delphin-
ins, malvidins, peonidins and petunidins. The proportion of anthocyanins inﬂuences col-
our intensity and hue. The amount of these compounds in red wines depends on the grape 
variety and technological conditions of wine production (5, 6). The traditional making of 
red wines involves prolonged maceration of crushed grapes, resulting in enhanced mac-
eration of phenolic compounds, compared to carbonic maceration or thermoviniﬁcation. 
The pH, SO2 and ethanol content as well as the maceration temperature affect also the ex-
traction of phenolic compounds. Phenolic compounds undergo the biggest changes during 
ageing, compared with other wine components (2, 6, 7). The structure of nonﬂavonoids is 
simpler. In wines not aged in oak, the derivatives of hydroxycinnamic and hydroxybenzo-
ic acids are present. These compounds are stored primarily in cell vacuoles of grape cells 
and are easily extracted on crushing. Hydroxycinnamic acid commonly occurs esteriﬁed 
with sugars, organic acids and various alcohols. The ratio of phenolic compounds in wine, 
as well as the colour and colour stability of red wines, depend on the way of winiﬁcation 
and of keeping (storage) and ageing conditions (8). 
It has been noticed that the liberation of catechins and (-)-epicatechin is more inten-
sive than of dimers and trimers of proanthocyanidins under given conditions of macera-
tion, and that the extraction of higher amounts of these compounds affects the quality and 
colour stability of red wines (7).
The aim of this paper was to determine the inﬂuence of some fermentation conditions, 
as well as the addition of solid parts of grape, on phenolics content, and quality and color 
intensity of red wine. 
EXPERIMENTAL
Wine was produced under laboratory conditions from Cabernet Sauvignon sort grown 
in the vineyard of Sremski Karlovci Experimental Institute, harvested in 2003. The sugar 
content was 23%, and amount of total acids 5.92 g/l, expressed as tartaric acid. The con-
trol was made by classical winiﬁcation process. An amount of 5 kg of grapes was used 
per variant. The maceration conditions of crushed grapes were varied in the ﬁrst part of 
the trial, the duration and temperature, the stems were completely removed and the seed 63
content was not changed, compared to the initial one. The most favourable maceration 
conditions could not be predicted at the beginning, so the usual values were chosen for the 
second and third part of the trial, 6 and 9 days of maceration at 30°C. 
In the second part of the trial the maceration duration was 6 or 9 days at 30°C for all 
variants. Only the stem content was varied, from 0 to 100%. The third part of the trial 
was carried out in the following way: The mass of separated seeds was about 50 g/kg of 
grape. The whole quantity of stems was separated after the crushing, while the amount of 
seeds was not changed. In three varieties the crushed grapes were enriched with +100%, 
+200% and +300% of seeds, i.e. the amount of seeds was decreased by addition of seeds 
separated from grapes of the same sort and from the same vineyard, by 50 g/kg; 100 g/kg 
and 150 g/kg. The pomace was treated with 100 mg of K2S2O5/kg of grape inoculated with 
25 g/hl of dry wine yeast Saccharomyces cerevisiae. The fermentation started soon after 
the inoculation. The alcoholic fermentation of pomace was conducted at 30°C. After 6 i.e. 
9 days of fermentation the pomace was ﬁltered. SO2 was corrected after the ﬁrst decanting 
by adding 100 mg of K2S2O5/kg.
Wine was poured into 500 ml bottles, closed with crown caps and kept at 12-13°C. 
The analysis and sensory evaluation of samples were carried out after 2 months. 
The total acids content was determined by the ofﬁcial method OIV (9), the total phe-
nolics were determined with Folin-Ciocalteau reagent and expressed as g/l gallic acid (9). 
Total tannins were determined by measuring the absorbance at 280 nm (10). Colour inten-
sity was obtained as the sum of absorbences at 420 nm, 520 nm and 620 nm, measured in 
1 mm cuvette, and hue was determined according to Sudraud (11). The amount of antho-
cyanins was evaluated by decoloration with K2S2O5 (12). Catechins were determined us-
ing the acidiﬁed vanillin method (13). 
RESULTS AND DISCUSSION
The analysis of colour intensity and hue change, as the quality parameters of red 
wines colour, showed that long duration as well as high temperatures of maceration affect 
negatively both mentioned parameters. The temperature of, 35°C and maceration for 3 or 
15 days are extreme cases, which are hardly acceptable in practice. However, these condi-
tions were chosen for the trial in order to observe more exactly the inﬂuence of these two 
parameters. So, the mean values of temperature and maceration time should be taken into 
consideration. The results that insigniﬁcantly deviate from the (general) rule, are more a 
consequence of the inadequate homogenity of the material (which is rather hard to achieve 
completely, especially when working with small amounts of grape), than of maceration 
conditions. As presented in Table 1, and in Figures 1 the variation of colour intensity obeys 
no rules. However, discussing the colour intensity and hue, disregarding the colour inten-
sity variation, the negative effect of longer maceration time and higher temperature on 
colour quality, i.e. hue is, evident. These changes were expected as they are a consequence 
of the intensive and complete extraction of phenolic compounds (tannins in the ﬁrst place) 
from solid parts of grape, which intensify the reaction of complexing with anthocyanins, 
as well as the polymerization of obtained complexes, resulting in lower colour quality. 
The anthocyanins are sensitive to oxidation, and the oxidation is faster and more complete 
when the temperature is higher and the maceration duration longer. The changes of antho-
cyanins content could be commented in a similar way. 64
The optimum for every variant presented in Table 1 is: higher colour intensity caused 
by higher anthocyanidins content and lower hue value. Regarding the content of pheno-
lic compounds and A280 value, with insigniﬁcant deviations from the rule, a signiﬁcant in-
crease of these two parameters was observed due to the prolonged maceration and tem-
perature increase. However, one should have in mind that these are total phenolic com-
pounds and total tannins, so their exceptional increase has no positive (as is the case) ef-
fect on wine quality, neither sensory nor physico-chemical one (colour quality). It is quite 
clear from the presented Figure 1 that the catechin content is several times increased due 
to increase of temperature and time of maceration. This is in accordance with the literature 
data, as the extraction from solid parts of grape (seeds in the ﬁrst place) is more comlete 
at higher temperatures and during a longer time.
Table 1. Colour intensity, hue, A 280 as a function of temperature and duration of maceration
Ord. 
number
Macera-
tion (days)
Temperature of
maceration (ºC)
Colour intensity
(A420+ A520+A620)
Hue
(A420/A520)
A280
(100)
 1
3
20 0.702 0.544 282
2 25 1.147 0.516 359
3 30 1.246 0.526 390
4 35 1.045 0.662 366
5
6
20 1.271 0.511 365
6 25 0.929 0.531 346
7 30 1.442 0.554 466
8 35 1.337 0.698 454
9
9
20 1.020 0.502 334
10 25 1.119 0.625 341
11 30 1.071 0.672 381
12 35 0.879 0.691 411
13
12
20 1.328 0.593 370
14 25 1.259 0.633 397
15 30 1.003 0.702 403
16 35 0.859 0.733 434
17
15
20 1.067 0.574 363
18 25 0.975 0.632 382
19 30 0.990 0.705 430
20 35 1.243 0.800 52865
Fig. 1. The inﬂuence of fermentation conditions on contens of
a) total phenolics; b) catechin; c) anthocyanin 
The addition of stems affect negatively the colour stability (Table 2). This inﬂuence 
is expressed when the maceration time is longer, not only through colour intensity and 
hue, but also through content of anthocyanidins, total phenols (Fig. 2) and total tannins. 
This is in accordance with our expectations that large portions of tannins extracted from 
the stems are polymerized with other phenolic compounds, resulting in the precipitation 
during maceration. The content of catechin in stems is not high, so the stems had no sig-
niﬁcant inﬂuence on the change of their content in the wine (Fig. 2). 
Regarding seeds, the change of colour intensity and hue (Table 3), and anthocyanidins 
too (Fig. 3), is similar to the ﬁrst part of the trial. On the other hand, an increase of total 
phenols and tannins was noticed. The increase of catechins content is especially expressed 
(Fig. 3), since seeds are a rich source of this compound, and this is in accordance with the 
literature data. It is evident that the increase of seeds content causes the biggest change 
in catechins content. However, the change of other parameters is not proportional to the 
fraction of seeds and maceration time. The addition of three times higher amount of seeds 
resulted in four times increased (+)-catechin content in wine produced during 9 days of 
maceration. These results are in accordance with those reviewed in the papers (6,7). The 
addition of smaller supplementary quantities of seed affects positively the colour qual-
ity. The extraction of higher amounts of phenolic compounds (tannins ﬁrst of all), as the 
consequence of higher amounts of supplementary quantities of seeds and longer mac-
eration causes a decrease of these parameters. The anthocyanidine-tannins complexes are 66
less susceptible to oxidation, thus affecting positively the colour stability. However, large 
amounts of tannins extracted during longer maceration and higher temperatures, resulted 
in a faster polymerization, i.e. fusing of molecles and their precipitation during the mac-
eration and further during wine ageing.
Table 2. Inﬂuence of stems on colour intensity, hue
Maceration 
(days)
Stems remain,
%
Colour intensity 
(A420+A520+A620)
Hue (A420/ A520)A 280 (·100)
6
0 1.442 0.554 466
25 0.999 0.670 367
50 1.108 0.670 388
100 1.488 0.659 528
9
0 1.071 0.672 381
25 1.034 0.674 467
50 1.156 0.673 459
100 0.888 0.700 442
Fig. 2. The inﬂuence of stems remain on content of
a) total phenolic; b) catechin; c) anthocyanin 67
Table 3. Inﬂuence of adding supplementary quantities of seed on colour intensity, hue
Maceration 
(days)
Seeds added Colour intensity 
(A420+A520+A620)
Hue (A420/ A520)A 280 (·100)
6
- 1.442 0.554 466
+100 % 1.140 0.657 439
+200 % 1.140 0.677 421
+300 % 1.193 0.660 570
9
- 1.071 0.672 381
+100 % 1.020 0.710 435
+200 % 1.107 0.717 481
+300 % 1.173 0.659 588
Fig. 3. The inﬂuence of seeds addition on content of
a) total phenolic; b) catechin; c) anthocyanin 
The sensory characteristics of wines macerated 12 days at 20°, 25° and 30°C, and 
wines produced at 20°C, but during 15 days, were the best. These wines were evaluated as 
characteristic red wines, with high extract content and harmonious, disregarding the fact 
that these are young wines. It is rather surprising that the wines where stems were present 
during maceration were graded very high. The stems content was inversely proportional 68
to the duration of maceration, with the exception of the sample with only 25% of stems. 
The wines were graded as harmonious with pronounced characteristics of red wines. It is 
important to say that 2003 was a droughty year, the stem was ripe and this might be the 
cause for the obtained results, which are contrary to the expected ones. No such positive 
effect of stem on wine quality was expected. All wine samples, with increased seeds frac-
tion, were graded exceptionally good (high), except for the sample with +150% of seeds 
and 9 days maceration, which was somewhat poorer i.e. too much rough wine because 
of the very high tannins content. All other wines were assessed as wines that can age and 
formed nicely. Disregarding the amount of added seeds, wines macerated for six days 
were slightly better graded.
CONCLUSION
The increase of temperature i.e. time of maceration resulted in an increase of content 
of total phenolic compounds and total tannins. However, to disadvantage of colour quality 
(hue), amount of anthocianins and catechins. The longer time of maceration and tempera-
tures higher than the optimal ones, resulted in concentration of tannins and higher reaction 
rate of polycondensation, and of coloured matter oxidation, affecting their sedimentation 
and increase of hue. The presence of ripe stem yielded good results, but only during 6 
days of maceration, while in case of longer maceration, the change of colour quality was 
negative.
Supplementary quantities of seeds during maceration result in increase of total phe-
nols and catechins. A signiﬁcant inﬂuence on colour of wines was also observed, especial-
ly in the wines obtained by applying shorter maceration. The increase of phenols content 
is not always proportional to the time of maceration. The preliminary sensory evaluation 
of produced wines showed that the addition of grape seeds resulted in the wines evaluated 
as of somewhat rougher taste, however, with great ageing potential.
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УТИЦАЈ УСЛОВА ФЕРМЕНТАЦИЈЕ НА САДРЖАЈ
ФЕНОЛНИХ МАТЕРИЈА У ЦРВЕНОМ ВИНУ
Владимир С. Пушкаш, Владимир М. Ковач, Јелена М. Додић и Синиша Н. Додић
Многи радови показују да се у црвеним винима налазе једињења која повећавају 
нутритивну вредност истих. Између осталих то су и једињења позната под нази-
вом катехини и проантоцијанидоли. Доказано је њихово заштитно дејство на карди-
оваскуларни систем као и антиканцерогено дејство. У раду је испитан утицај усло-
ва мацерације и повећања удела чврстих делова грозда, првенствено семенки, на 
количину фенолних једињења у вину. Постављено је неколико микроогледа са грож-
ђем сорте Cabernet sauvignon, тако да је у појединим варијантама мењано време ма-
церације и температура, удео заостaле петељке и количина семенки вишеструко по-
већана. Испитивани параметри су значајно утицали на промене садржаја фенолних 
материја у винима, а такође је и сензорна оцена произведених вина дала интересантне 
резултате.
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